
COMPUTER SOFTWARE FOR PLANNING AND DESIGN OF COMMUNITY ENEBGY SYSTEMS 

by 

Veronika A. Rable, James M. Calm and John 3. Roberts 

Prepared for 

The Joint National Meeting of the 

Operations Research Society of America and 

The Institute of Management Sciences 

Los Angeles, California 

November 19-15, 1978 

A - II) ARGONNE NATIONAL LABORATORY, ARGONNE, lLLlNOlS 
UdC-AUA-USDOE 

Operated under Contract W-31-109-Eng-38 for the 

U. S. DEPARTMENT OF ENERGY 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



The facilities of Argonne National Laboratory a r e  owned by the United States Govern- 
ment. Under the terms d a contract (W- 31- 109-Eng- 38) between the U. S. Departmwt of- En- 
ergy. Argonne Universities Association and The University of Chicago, the ~ n i v e r s i t ;  em*loys 
the staff and operates the Laboratory in accordance with policies and programs formulated, ap- 
proved and reviewed by the Association. .. ; - " d :. . . . - _ .  . . '  , 

- 8  LL. . - - F a . 7  -.-- ' C  ' >-I., =- - - - -  - I- .. I n, - --:A,-y: , . .  
MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION 

The University of Arizona 
Carnegie -Mellon 6niver sity 
Case Western Reserve University 
The University of Chicago 
University of Cincinnati 
Illinois Institute of Technology 
University of Illino-is 
Indiana University 
Iowa State University 
The University of Iowa 

Kansas State University 
The University of Kansas 
Loyola University 
Marquette University 
Michigan State University 
The University of Michigan 
University of Minnesota 
University of Missouri 
Northwestern University 
University of Notre Dame 

The Ohio State University 
Ohio University 
The Pennsylvania State University 
Purdue University 
Saint Louis University 
Southern Illinois Univer sily 
The University of Texas a t  Austin 
Washington University 
Wayne State University . 
The University of Wisconsin 

This report was prepared as  an account of work sponsored 
by the United States Government. Neither the United States 
nor the United States Department of Energy, nor any of their 
employees, nor any of their contractors, subcontractors, or 
their employees, makes w y  warranty, express or implied, 
or assumes any legal liability or responsibility for the ac- 
curacy, completeness or usefulness of any information, ap- 
paratus, product or  process disclosed, o r  represents that i ts 
use would not infringe privately-owned rights. Mention of 
commercial products, their manufacturers, or their suppli- 
e r s  in this publication does not imply or connote approval or 
disapproval of the product by Argonne National Laboratory 
or the U. S. Department of Energy. 



C o n p u t e r  S o f t w a r e  f o r  P l a n n i n g  a n d  D e s i g n  
0 f  

Community E n e r g y  Sy sterns 

V e r o n i k a  A. ~ a b l ,  J a m e s  H. Calm,  a n d  J o h n  J. R o b e r t s *  
E n e r g y  a n d  E n v i r o n m e n t a l  S y s t e m s  D i v i s i o n  

A r g o n n e  N a t i o n a l  L a b o r a t o r y  

S i m u l a t i o n  a n d  o p t i m i z a t i o n  p r o c e d u r e s  f o r  c o r e m u n i t y  
e n e r g y  s y s t e m s  a r e  p r e s e n t e d .  Community s y s t e m s  h a v e  
b e e n  r e c o g n i z e d  a s  o f f e r i n g  e n e r g y  c o n s e r v i n g  a l t e r n a -  
t i v e  m e t h o d s  o f  m e e t i n g  t h e  e n e r g y  s e r v i c e  n e e d s  o f  
c o m m u n i t i e s .  T h i s  p a p e r  d i s c u s s e s  t h e  I n t e q r a t e d  Com- 
m u n i t y  E n e r g y  S y s t e m s  ( ICES)  a p p r o a c h ,  e x p l o r e s  t h e  
n e e d  f o r  s o p h i s t i c a t e d  a n a l y t i c a l  m e t h o d s  f a r  ICES 
p l a n n i n g  a n d  d e s i g n ,  a n d  p r e s e n t s  a s o f t w a r e  ser ies  
d e v e l o p e d  o r  u n d e r  d e v e l o p m e n t  t o  meet t h e s e  n e e d s .  

INTPODUCTION 
. . 

T h e  c o n c e p t  o f  I n t e g r a t e d  Communi ty  
E n e r g y  S y s t e m s  (ICES) e v o l v e d  w i t h i n  s 
s e a r c h  f o r  n o v e l ,  e n e r q y  c o n s e r v i n g  
a p p r o a c h e s  t o  t h e  e n e r g y  s u p p l y  p r o b -  
lem. It is  b a s e d  on  a b e l i e f  t h a t  when 
t h e  c o n s u m e r  s e r v i c e  a r e a  i s  n o t  c o n -  
f i n e d  t o  a ' s i n g l e  b u i l d i n g ,  a  number  o f  
o p t i o n s ,  g e n e r a l l y  , n o t  a v a i l a b l e  t o  
s i n g l e  b u i l d i n g s ,  c a n  b e  t a k e n  a d v a n -  
t a g e  o f  t o  a c h i e v e  a  b e t t e r  u t i l i z a t i o n  

o f  r e s o u r c e  e n e r g y .  I n  p a r t i c u l a r :  

- e c o n o m i e s  o f  s c a l e  by  s e r v i c f n g  a ' 

l a r g e r  demand;  
' -  b e t t e r  l o a d  f a c t o r s  a s  a c o n s e q u e n c e  

o f  d i v e r s i t y ,  o r  c o m b i n i n g  d i f f e r e n t  
demand p a t t e r n s ;  

. - u s e  o f  b y p r o d u c t  a n d / o r  o t h e r w i s e  
,' w a s t e d  e n e r g y  f o r m s ;  

- r e d u c t i o n  i n  t h e  c o s t s  o f  s y s t e m  
r e l i a b i l i t y  a n d  a v a i l a b i l i t y ;  a n d  

- i m p r o v e d  l a t i t u d e  i n  s e l e c t i n g  t h e .  
s e r v i c e  a r e a s  a n d  c o r r e s p o n d i n g  s u p -  
p l y  s y s t e m s .  

ICES a re  b e i n g  c o n s i d e r e d  f o r  a p p l i c a -  
t i o n s  w h e r e  a l l  o r  p a r t  o f  e n e r g y  

* O f f i c e  o f  t h e  D i r e c t o r ,  A r g o n n e  
N a t i o n a l  L a b o r a t o r y  

r e l a t e d  s e r v i c e s  a r e  s u p p l i e d  t o  
c o m m u n i t i e s  a s  l a r g e  a s  s e v e r a l  h u n d r e d  
m e g a w a t t s  o f  e q u i v a l e n t  e l e c t r i c  
demand. T h e  t a r g e t  c o m a u n i t i e s  t h u s  
may b e  a s  d i f f e r e n t  a s  a  m u n i c i p a l  o r  
s u b u r b a n  b u s i n e s s  d i s t r i c t ,  a f a r m  com- 
m u n i t y ,  a  u n i v e r s i t y  c a m p u s ,  a n  o f f i c e  
c o m p l e x ,  o r  a  m u l t i - z o n e d  p l a n n e d  u n i t  
d e v e l o p m e n t .  T h e  s e r v i c e s  c o n s i d e r e d  
r e f l e c t  t h e  d i v e r s i t y  o f  t h e  c u s t o m e r s ;  
t h e y  map r a n g e  f r o m  traditional e l e c -  
t r i c a l  s u p p l y  a n d  e n v i r o n m e n t a l  c o n d i -  
t i o n i n g  t h r o u q h  t r a n s p o r t a t i o n ,  commu- 
n i c a t i o n ,  snow r e m o v a l ,  a n d  t r a s h  
c o l l e c t i o n .  I n  g e n e r a l ,  n o t  a l l  s e r v -  
ices n e e d  b e  s u p p l i e d  by  t h e  i n t e g r a t e i  
e n e r g y  s y s t e m ;  f o r  e x a m p l e ,  i n  some 
c a s e s  i t  n i l 1  b e  n e i t h e r  e n e r q y  c o n -  
s e r v i n g  n o r  e c o n o m i c a l  t o  g e n e r a t e  
e l e c t r i c i t y .  T h e  s y s t e m  c o n c e p t s  
i n c l u d e  t o t a l  a n d  s e l e c t i v e  e n e r g y ,  
c o g e n e r a t i o n ,  c a s c a d i n g ,  d i s t r i c t  h e a t -  
i n g  a n d  c o o l i n g  s y s t e m s ,  a n d  may i n c o r -  
p o r a t e  a  number  o f  n e u  t e c h n o l o g i e s  
u n d e r  d e v e l o p m e n t  f o r  t h e  n e a r  t e r m  a n d  
f u t u r e  m a r k e t s ,  s u c h  a s  f u e l  c e l l s ,  
i m p r o v e d  t u r b i n e s ,  a d v a n c e d  p o w e r  
c y c l e s ,  s o l a r ,  a n d  s t o r a q e  o p t i o n s .  

The  e m p h a s i s  t h r o u g h o u t  t h e  ICES 
a p p r o a c h  is o n  i n t e g r a t i o n ,  o r  a c h i e v e -  
.ment o f  a n  impro .ved  m a t c h  b e t w e e n  t h e  
c o m m u n i t y ' s  e n e r g y  r e q u i r e m e n t s ,  a s  
d i c t a t e d  by i ts  f u n c t i o n s  a n d  s e r v i c e  

P r e s e n t e d  a t  t h e  J o i n t  N a t i o n . a l  n e e t i n q  o f  t h e  O p e r a t i o n s  R e s e a r c h  ~ o c i e t ' y  o f  
A m e r i c a .  a n d  The I n s t i t u t e  o f  klanagemznt  S c i e n c e s ,  L o s  B n q e l e s ,  C a l i f o r n i a ,  
November 13-15, 1978. 
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n e e d s ,  and  t h e  e n e r g y  s y s t e m s  t h a t  
s u p p l y  i t ,  a s  well a s  on i n t e g r a t i o n  
w i t h i n  t h e  s u p p l y  s y s t e m  i t s e l f  t h r o u g h  
e n e r g y  c a s c a d i n g  a n d  c o g e n e r a t i o n .  

THE ROLE OF ANALYTICAL METHODS 

It is p r e c i s e l y  t h e  r e a s o n s  t h a t  i n d i -  
c a t e  t h e  a d v a n t a g e s  o f  t h e  ICBS 
a p p r o a c h  t h a t  s u g g e s t  t h e  need  f o r  
d e t a i l e d  s y s t e m s  a n a l y s e s .  To c o n s e r v e  
e n e r g y ,  it is i m p o r t a n t  t h a t  t h e  s y s -  
tems which s u p p l y ,  c o n v e r t ,  and  u t i l i z e  
e n e r g y  o p e r a t e  a t ,  o r  a t  l e a s t  n e a r ,  
peak  p e r f o r m a n c e  t o  a v o i d  , p e n a l t i e s  o f  
i n e f f i c i e n t  o p e r a t i o n .  R e c o g n i z i n g  t h e  
complex  i n t e r a c t i o n s  a n d  o p e r a t i n g  con -  
d i t i o n s  o f  some ICES, p a r t i c u l a r l y  a s  
t h e  r e l a t i v e  p r o p o r t i o n s  o f  r e s p e c t i v e  
o u t p u t s  v a r y  d u e  t o  e x t e r n a l  f a c t o r s ,  a  
d e s i g n  b a s e d  on peak  demand f o r  a n y  
s i n g l e  s e r v i c e  c o u l d  e a s i l y  p r o v e  i n e f  - 
f i c i e n t  on a n  a n n u a l  b a s i s .  The d e t e r -  
m i n a t i o n  o f  t h e  o p t i m a l  number a n d  s i z e  
o f  s y s t e m  componen t s  a n d  e f f i c i e n t  
o p e r a t i n g  a n d  s t o r a g e  u t i l i z a t i o n  s t r a -  
t e g i e s  a s  well a s  t h e  a n a l y s i s  o f  s y s -  
tem r e l i a b i l i t y  a n d  a v a i l a b i l i t y  
r e q u i r e  s o p h i s t i c a t e d  methods .  Whi l e  
i t  is o b v i o u s l y  d e s i r a b l e  t h a t  t h e  a n a -  
l y s e s  t h e m s e l v e s  n o t  b e  encumbered  by 
u n n e c e s s a r y  c o m p l e x i t y ,  o r ,  f o r  t h a t  
m a t t e r ,  by a r t i f i c i a l  precision beyond 
i n p u t  i n f o r m a t i o n ,  t h e  number o f  param- 
e ters  t o  b e  c o n s i d e r e d  e v e n  f o r  a  r e l a -  
t i v e l y  s i m p l e  ICES c a n n o t  be  a d d r e s s e d  
w i t h  c r u d e  a p p r o x i m a t i o n s .  

D e t a i l e d  a n a l y s i s  o f  ICES is f a r  more  
i m p o r t a n t  t h a n  f o r  c o n v e n t i o n a l  s y s -  
tems.  I n  t h e  c o n v e n t i o n a l  s y s t e m s  
a p p r o a c h ,  many s m a l l  s y s t e m s  a r e  mass  
p r o d u c e d  a n d  t h e i r  p e r f o r m a n c e  a n d  
a p u l i c a t i o n  p r o c e d u r e s  become o p t i m i z e 3  
t h r o u g h  e x p e r i e n c e  and  m a r k e t  c o n d i -  
t i o n s .  Fo r  t h e  ICES a p p r o a c h ,  e a c h  
s y s t e m  is t a i l o r e d  f o r  t h e  s p e c i f i c  
n e e d s ,  r e s o u r c e s ,  l i f e s t y l e s ,  compos- 
i t i o n ,  economics ,  a n d  a  myr i ad  o f  o t h e r  
f a c t o r s  u n i q u e  t o  t h e  community b e i n g  
s e r v e d .  The  n a t u r e  o f  t h e  s y s t e m  is 
s u c h  t h a t  p r o t o t y p e  c o n s t r u c t i o n  a n d  
r e f i n e m e n t  is  i m p r a c t i c a l .  I n  p l a c e  o f  
a  p h y s i c a l  p r o t o t y p e ,  t h e  e n g i n e e r  must  
r e l y  upon a  m a t h e m a t i c a l  model. The  
a n a l y t i c a l  me thods  need ,  t h e r e f o r e ,  n o t  
o n l y  b e  s o p h i s t i c a t e d  w i t h  r e g a r d  t o  
a n a l y t i c a l  a p p r o a c h e s ,  b u t  a l s o  w i t h  
r e g a r d  t o  t h e  i n p u t  a n d  o u t p u t  d a t a  
f o r m a t s  t o  e n a b l e  t h e  u s e r  t o  e f f i -  
c i e n t l y  a n d  c o r r e c t l y  u t i l i z e  them. 

An a d d i t i o n a l  j u s t i f i c a t i o n  f o r  s o p h i s -  
t i c a t e d  a n a l y s e s  is  t h e  i m p a c t  o f  f a i l -  
u r e ,  e i t h e r  economic  o r  p h y s i c a l ,  o f  
t h e  ICES on  t h e  community.  U n l e s s  pe r -  
fo rmance  and  r e s u l t i n g  e c o n o m i c s  h a v e  
been  a c c u r a t e l y  p r e d i c t e d ,  t h e  ICES 
w i l l  f a i l  a s  a  m u n i c i p a l  o r  p r i v a t e  
e n t e r p r i s e  u n d e r t a k i n g .  I n  t h a t  e v e n t ,  
t h e  community which  h a s  i n s t a l l e d  
b u i l d i n g  s y s t a m s  d e p e n d e n t  upon t h e  
community s y s t e m  w i l l  b e  l e f t  w i t h  
m a j o r  f i n a n c i a l  b u r d e n s .  I n  t h e  e v e n t  
o f  a  p h y s i c a l  f a i l u r e ,  t h e  community 
would b e  l e f t  w i t h o u t  t h e  n e c e s s a r y  
e n e r g y  s e r v i c e s .  But  a g a i n ,  it is 
i m p o r t a n t  t o  r e c o g n i z e  t h a t  t h e  i n h e r -  
e n t  r e l i a b i l i t y  o f  c r i t i c a l  componen t s  
w i t h i n  a n  ICES w i l l ,  w i t h  p r o p e r  
d e s i g n ,  a f f o r d  s u p e r i o r  r e l i a b i l i t y  a n d  
a v a i l i b i l i t y  t o  c o n v e n t i o n a l  s y s t e m s .  

The s e c o n d a r y  b e n e f i t s  o f  advanced  ana-  
l y t i c a l  a p p r o a c h e s  i n c l u d e  t h e  po ten -  
t i a l  f o r  p a r a m e t r i c  a n a l y s e s  o f  t h e  
s e n s i t i v i t y  o f  ICBS t o  u n c e r t a i n  param- 
eters. F o r  example ,  i n f o r m a t i o n  a v a i l -  
a b l e  a b o u t  f u t u r e  i n t e r e s t  a n d  e s c a l a -  
t i o n  r a t e s  is q u i t e  i m p r e c i s e .  
S i m i l a r l y ,  f u t u r e  e n e r g y  s e r v i c e  
demands o f  a  community,  d e p e n d e n t  upon 
s o c i o e c o n o m i c ,  c l i m a t i c ,  community 
g rowth ,  a n d  s i m i l a r  f a c t o r s ,  c a n n o t  b e  
a c c u r a t e l y  f o r e c a s t .  U s i n g  a u t o m a t e d  
s i m u l a t i o n  and  o p t i m i z a t i o n  methods ,  
t h e  i m p a c t  o f  t h e s e  p a r a m e t e r s  o n  t h e  
ICES 'economics  a n d  p e r f o r m a n c e  c a n  b e  
r e a d i l y  d e t e r m i n e d .  One is, t h e n ,  i n  a  
b e t t e r  p o s i t i o n  t o  d e s i g n  a n  ICES f o r  
a n  a c c e p t a b l e  l e v e l  of p e r f o r m a n c e  f o r  
r e a s o n a b l y  a n t i c i p a t e d  e v e n t u a l i t i e s  
r a t h e r  t h a n  a n  o p t i m a l  d e s i g n  a t  t h e  
edge  o f  a  p r e c i p i c e .  I n  a d d i t i o n ,  t h e  
s i m u l a t i o n  me thods  a l s o  a l l o w  t h e  
e s t a b l i s h m e n t  of a n  o p e r a t i n g  bench 
mark w i t h  which t o  c o m p a r e  a c t u a l  p e r -  
fo rmance .  With t h i s  a p p r o a c h ,  o n e  c a n  
d e t e r m i n e  w h e t h e r  a  s y s t e m  a n d  its com- 
p o n e n t s  a r e  p e r f o r m i n g  a t  a n  a c c e p t a b l e  
l e v e l ;  a n  a n a l o g o u s  f u ~ c t i o n  i n  conven-  
t i o n a l  s y s t e m s  is p r o v i d e d  by compar i -  
s o n  w i t h  s t a t i s t i c a l  d a t a .  

SOFTWARE DEVELOPHEUT APPROACH 

S i n c e ,  a s  e x p l a i n e d  a b o v e ,  ICES r e s p o n d  
t o  a  number o f  d i f f e r e n t  s e r v i c e  and /o r  
e n e r g y  r e q u i r e m e n t s  s i m u l t a n e o u s l y ,  t h e  
o v e r a l l  e n e r g y  c o n s e r v a t i o n  a n d  eco-  
n o n i c  p o t e n t i a l s  o f  t h e  s y s t e m  a r e  more 
c r i t i c a l l y  d e p e n d e n t  on t h e  match  
be tween t h e  communi ty  demand a n d  t h e  
s u p p l y  s y t e m  p e r f o r m a n c e  c h a r a c t e r i s -  
t ics. F o r  example ,  i f  t h e  community 
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d e t e r m i n a n t s  d i c t a t e  a  s p e c i f i c  r a t i o  
o f  e l e c t r i c a l  a n d  t h e r m a l  e n e r g y  s u p -  ' 

p l y ,  t h e  b e s t  o v e r a l l  p e r f o r m a n c e  is 
o b t a i n e d  when t h e  s u p p l y  s y s t e n  o p e r -  
a t e s  a t  o r  n e a r  i t s  p e a k  e f f i c i e n c y  a t  
t h i s  p a r t i c u l a r  r a t i o  o f  its o u t p u t s .  
T h e o r e t i c a l l y ,  t h e  m a t c h i n g  p r o c e s s  
s h o u l d  c o n s i d e r  v a r y i n g  b o t h  t h e  s y s t e m  
c o n c e p t  a n d  c e r t a i n  a s p e c t s  of t h e  com- 
m u n i t y  d e s i g n .  However ,  b e c a u s e  o f  
p r a c t i c a l  c o n s i d e r a t i o n s  a n d  f o r  t h e  
p u r p o s e  o f  t h e  a n a l y t i c a l  m e t h o d s  
d e v e l o p m e n t ,  it is  a d v a n t a g e o u s  t o  c o n -  
s i d e r  t h e  b a s i c  c o m m u n i t y  s t r u c t u r e  a s  
f i x e d  an,d c o n c e n t r a t e  t h e  e f f o r t  o n  t h e  
a n a l y s i s  o f  t h e  r e s u l t a n t  demand a n d  o n  
t h e  s u p p l y  s y s t e m .  W h i l e  t h i s  a p p r o a c h  
d o e s  n o t  a u t o m a t i c a l l y  select a n y  p a r -  
t i c u l a r  communi ty  d e s i g n ,  it still  p r o -  
v i d e s  t h e  m e a n s  o f  e v a l u a t i n g  t h e  
e f f e c t s  o f  a l t e r n a t i v e  communi ty  com- 
p o s i t i o n s ,  s t r u c t u r e s ,  d e n s i t i e s ,  etc., 
o n  t h e  o v e r a l l  s y t e m  p e r f o r m a n c e .  

T h i s  p h i l o s o p h y  r e s u l t s  i n  a m o d e l i n g  
a p p r o a c h  t o  ICES w h i c h  a d d r e s s e s  t h e  
q u e s t i o n s  o f  s u p p l y  s y s t e m  a n d  demand 
c a m p u t a t i o n s  s e p a r a t e l y .  T h e  e n e r g y  
s u p p l y  s y s t e m  p o r t i o n  o f  t h e  p r o b l e m  
c a n  b e  f u r t h e r  decomposed  i n t o  t h r e e  
p a r t s :  t h e  c e n t r a l  s y s t e m ,  t r a n s m i s -  
s i o n / d i s t r i b u t i o n ,  a n d  e n d - u s e  ( i n -  
b u i l d i n g )  c o n v e r s i o n .  However ,  s i n c e  
t h e s e  t h r e e  a s p e c t s  a p p e a r  t o  b e  r e l a -  
t i v e l y  t i g h t l y  l i n k e d ,  a n d  c a n n o t  b e  
e a s i l y  s e p a r a t e d  a r b i t r a r i l y ,  a n  o v e r -  
a l l  m o d e l  c a n  b e  u s e d  t o  s o l v e  f o r  t h e  
m a j o r  p a r a m e t e r s  o n  t h e i r  i n t e r f a c e s ,  
w i t h  t h e  s u b s y s t e m s  s u b s e q u e n t l y  
a d d r e s s e d  i n  more d e t a i l e d  a n a l y s e s .  

T h e  ICES a p p l i c a t i o n  p l a c e s  a  number  o f  
a d d i t i o n a l  requirements o n  t h e  m o d e l s .  
T h e  m e t h o d s  h a v e  t o  b e  s u f f i c i e n t l y  
f l e x i b l e  t o  a p p l y  t o  a  l a r g e  v a r i e t y  o f  
s y s t e m  c o n f i g u r a t i o n s ,  c o m m u n i t i e s ,  
climatic a n d  e c o n o m i c  f a c t o r s ;  m u s t  
i n c l u d e  t h e  p o s s i b i l i t y  o f  s e r v i c e  
a r e a s  d i f f e r i n g  f o r  d i f f e r e n t  s e r v i c e s  
a n d  c o m m o d i t i e s  b e i n g  b o u g h t  o r  s o l d  t o  
a n d  f r o m  e n t i t i e s  o u t s i d e  o f  t h e  commu- 
n i t y  i t s e l f ;  a n d  m u s t  c a l c u l a t e  a n d  
i n c o r p o r a t e  t e m p o r a l  v a r i a t i o n s  o f  t h e  
demands,  r a t h e r  t h a n  b e  l i m i t e d  t o  p e a k  
demand o r  a n n u a l  c o n s u m p t i o n .  F i n a l l y ,  
t h e  m e t h o d s  h a v e  t o  r e l y  o n  i n p u t  a n d  
o u t p u t  terms f a m i l i a r  t o  t h e i r  u s e r s  
a n d  b e  e f f i c i e n t ,  b o t h  i n  terms of 
e f f o r t  a n d  c o m p u t e r  time r e q u i r e m e n t s ,  
s o  a s  t o  o f f e r  a f e a s i b l e  c o s t  e f f e c -  
t i v e  a l t e r n a t i v e  t o  less a c c u r a t e  h a n d  
c a l c u l a t i o , n s .  

T h e  a n t i c i p a t e d  r o l e  o f  c o m p u t e r  p r o -  
g r a m s  i n  a n  ICES d e s i g n  p r o c e s s  is 

s h o w n  i n  F i g u r e  1. T h e  f i g u r e  
e x p l i c i t l y  i n c o r p o r a t e s  two c o m p u t e r  
p r o g r a m s ,  OASIS-I a n d  OASIS-I1  ( O p t i m i -  
z a t i o n  a n d  S i m u l a t i o n  o f  I n t e g r a t e d  
S y s t e m s ) ,  w h i c h  a r e  p r e s e n t l y  u n d e r  
d e v e l o p m e n t  a n d  a d d r e s s  t h e  s u p p l y  s y s -  
tem. T h e  OASIS-I p r o g r a m  i s  d e s i g n e d  
t o  s i m u l a t e  a n d  o p t i m i z e  t h e  o p e r a t i o n  
o f  t h e  c e n t r a l  p l a n t ,  w h i l e  t h e  
OASIS-I1 c o d e  is c o n c e r n e d  v i t h  t h e  

r s y s t e m  a s  a  w h o l e ,  f r o m  t h e  c e n t r a l  
p l a n t  t h r o u g h  t h e  d i s t r i b u t i o n  a n d  
t r a n s m i s s i o n  t o  e n d - u s e  c o n v e r s i o n .  
T h i s  l a t t e r  p r o g r a m  s e r v e s  t o  d e c o m p o s e  
t h e  p r o b l e m  s o  t h a t  o t h e r ,  more  
d e t a i l e d  m o d e l s  c a n  b e  u s e d  t o  a n a l y z e  
t h e  ICES s u b s y s t e m s .  

The  OASIS-I c o m p u t e r  p r o g r a m c l  ) p r o -  
v i d e s  a  d e t a i l e d  r e p r e s e n t a t i o n  o f  t h e  
p r o c e s s e s  a n d  o p e r a t i n g  c o n d i t i o n s  i n  
t h e  c e n t r a l  p l a n t .  Even  t h o u g h  t h e  
c o d e  is m a i n l y  i n t e n d e d  t o  s i m u l a t e  t h e  
c e n t r a l  p l a n t  p e r f  o r m a n c e ,  i n c l u d i n g  
t h e  u n i q u e ,  g e n e r a l l y  n o n - l i n e a r ,  
e q u i p m e n t  c h a r a c t e r i s t i c s ,  a s  well a s  
v a r i a b l e s  a s s o c i a t e d  w i t h  t h e  e n e r g y  
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a n d  m a t e r i a l s  f l o w  t h r o u g h  t h e  p l a n t .  
It c o n t a i n s  a  n e t w o r k - s e a r c h ,  h e u r i s t i c  
o p t i m i z a t i o n  a l g o r i t h m  d e s i g n e d  t o  
select a  p l a n t  o p e r a t i o n  s t r a t e g y  w h i c h  
m i n i m i z e s  e i t h e r  e n e r g y  u s a g e  or o p e r -  
a t i n g  a n d  m a i n t e n a n c e  c o s t s .  The  p r o -  
q r a n  c o n t a i n s  a  l i b r a r y  o f  t y p i c a l  
e q u i p m e n t  p e r f o r m a n c e  d a t a  a s  well a s  
n u m e r o u s  d e f a u l t  o p t i o n s  s o  a s  t o  e a s e  
t h e  i n p u t  f o r  o c c a s i o n a l  u s e r s .  I n  t h e  
i n p u t ,  t h e  u s e r  s p e c i f i e s  t h e  t h e  p l a n t  
c o n f i g u r a t i o n ,  e q u i p m e n t  c a p a c i t i e s ,  
a n d  t h e  e n e r g y  t r a n s f e r  m e d i a ,  a n d  p r o -  
v i d e s  t h e  p r o f i l e s  o f  e n e r g y  r e q u i r e -  
m e n t s  n e c e s s a r y  t o  s u p p l y  t h e  commu- 
n i t y ' s  n e e d s .  O p t i o n a l  i n p u t  i n c l u d e s  
e c o n o m i c  d a t a ,  i f  e c o n o m i c  a n a l y s i s  is 
d e s i r e d ,  a n d  p l a n t  o p e r a t i n g  o b j e c -  
t i v e s ,  i f  t h e y  a r e  t o  b e  u s e d  i n s t e a d  
o f  t h o s e  s e l e c t e d  b y  t h e  o p t i m i z a t i o n  
a l g o r i t h m .  T h e  p r o g r a m  t h e n  s i m u l a t e s ,  
o n  a  q u a s i - s t e a d y  s t a t e  b a s i s ,  g e n e r -  
a l l y  i n  h o u r l y  i n c r e m e n t s ,  t h e  r e s p o n s a  
o f  t h e  p l a n t  t o  t h e -  l o a d s .  I n  t h e  
o p t i m i z a t i o n  mode, i t  s c h e d u l e s  e q u i p -  
ment  o p e r a t i o n ,  c h a r g i n g  o r  d i s c h a r g i n g  
o f  s t o r a g e ,  a n d ,  i f  a p p r o p r i a t e ,  s e l l -  
i n g  o f  p l a n t  p r o d u c t s  o r  b u y i n g  e n e r g y  
f o r m s  t o  d i r e c t l y  s a t i s f y  t h e  demand. 

OASIS-I1 i s  a  mixed  i n t e g e r  l i n e a r  
o p t i m i z a t i o n  p r o g r a m <  2 )  w i t h  t h e  o b  jec- 
t i v e  f u n c t i o n  b e i n g  - a t  t h e  u s e r ' s  
c h o i c e  - e i t h e r  s y s t e m  e f f i c i e n c y  o r  
a n n u a l  c o s t .  T h e  i n p u t  i n t o  t h e  p r o -  
g ram c o n s i s t s  o f  s e r v i c e  demand p r o -  
f i l e s  (e .g .  h e a t i n g ,  c o o l i n g ,  l i g h t -  
i n g ) ,  s e l e c t i o n  o f  e n d - u s e  e q u i p m e n t  
o p t i o n s  (e. g. h o t  w a t e r ,  s t e a m ,  h e a t  
pumps, a n d / o r  f u r n a c e s  f o r  h e a t i n g ) ,  
g e n e r a l  t r a n s m i s s i o n  a n d  d i s t r i b u t i o n  
s y s t e m  l a y o u t s ,  a n d  t h e  d e s c r i p t i o n  o f  
t h e  mos t  g e n e r a l  a c c e p t a b l e  c e n t r a l  
p l a n t  c o n f i g u r a t i o n .  T h e  u s e r  s p e c i -  

. f i e s  a  l ist o f  c o m m e r c i a l l y  o r  o t h e r -  
wise a v a i l a b l e  c a p a c i t i e s  f o r  e q u i p -  
m e n t / p r o c e s s e s  c o n s i d e r e d  f o r  t h e  
p l a n t ,  a s  well a s  e c o n o m i c  i n f o r m a t i o n  
a n d  o t h e r  a p p r o p r i a t e  c o n s t r a i n t s  on  
t h e  s y s t e m  s e l e c t i o n  a n d  p e r f o r m a n c e .  
B a s e d  on t h e  i n p u t ,  s u p p l e m e n t e d  w i t h  
d a t a  s t o r e d  i n  e q u i p m e n t  p e r f o r m a n c e  
l i b r a r i e s ,  t h e  OASIS-I1 p r o g r a m  selects 
t h e  e n e r g y  f o r m s  t o  b e  d i s t r i b u t e d ,  t h a  
c o r r e s p o n d i n g  s e r v i c e  a r e a s ,  a n d  t h e  
e n d - u s e  c o n v e r s i o n  e q u i p m e n t  t o  s u p p l y  
t h e  s e r v i c e s .  It s i z e s  t h e  t r a n s m i s -  
s i o n  a n d  d i s t r i b u t i o n  s y s t e m  m a i n s  a n d  
se lec ts  a n d  s i z e s  t h e  e q u i p m e n t  i n  t h e  
. c e n t r a l  p l a n t .  I f  d i r e c t  sa les  a n d / o r  
p u r c h a s e s  were s p e c i f i e d  a s  a n  o p t i o n ,  
t h e  p r o g r a m  o u t p u t  i n d i c a t e s  when a n d  
how much o f  t h e  c o m m o d i t y  s h o u l d  b e  
b o u g h t  o r  s o l d .  

An a p p r o a c h  t o  c o m m u n i t y  e n e r g y  a n a l y -  
sis is a l s o  u n d e r  d e v e l o p m e n t .  Even  
t h o u g h  a  number of m o d e l s < J r * )  e x i s t  
f o r  i n d i v i d u a l  b u i l d i n g  e n e r g y  c a l c u l a -  
t i o n s ,  p r a c t i c a l  ' c o n s i d e r a t i o n s  make a  
b u i l d i n g - b y - b u i l d i n g  a n a l y s i s  o f  a  com- 
m u n i t y  i n f e a s i b l e ,  e s p e c i a l l y  c o o s i d e r -  
i n g  t h e  l a r g e  number o f  p a r a m e t e r s  
r e q u i r e d  t o  c a r r y  o u t  s u c h  c a l c u l a -  
t i o n s .  I n  m o s t  c a s e s ,  e i t h e r  t h e  
i n f o r m a t i o n  d o e s  n o t  e x i s t  or  t h e  
e f f o r t  a s s o c i a t e d  w i t h  c o l l e c t i n g  i t  
would  b e  p r o h i b i t i v e .  T h e  m o d e l ,  
t h e r e f o r e ,  mus t  b e  b a s e d  o n  i n f o r m a t i o n  
r e a d i l y  a v a i l a b l e  a n d ,  d e p e n d i n g  o n  t h e  
c a l c u l a t i o n a l  method  s e l e c t e d ,  t h e  
r e m a i n i n g  i n f o r m a t i o n  may h a v e  t o  b e  
g e n e r a t e d  by s t a t i s t i c a l  means. n o r e -  
o v e r ,  e v e n  i f  b u i l d i n g - b y - b u i l d i n g  a n a -  
l y s e s  were f e a s i b l e ,  it is n o t  o b v i o u s  
how t h e  a d d i t i o n  o f  t h e  t e m p o r a l  
demands  c o u l d  b e  c a r r i e d  o u t .  The  
p r o b l e m  a r i ses  b e c a u s e  p r e s e n t l y  a v a i l -  
a b l e  b u i l d i n g  e n e r g y  p r o g r a m s  r e q u i r e  
d e t e r m i n i s t i c  i n p u t  e v e n  f o r  p r o c e s s e s  
t h a t  a r e  s t o c h a s t i c  i n  n a t u r e ,  a s  e v i -  
d e n c e d  b y  d i v e r s i t y .  T h i s  f a c t o r  c a n -  
n o t  b e  n e g l e c t e d  when b u i l d i n g  d e m a n d s  
a r e  c o m b i n e d  i n t o  a c o m m u n i t y  demand. 
A n o t h e r  c o n s i d e r a t i o n  t o  b e  r e s o l v e d  
p r i o r  t o  s e l e c t i n g  a p a r t i c u l a r  c a l c u -  
l a t i o n a l  p r o c e d u r e  i s  t h e  m e a s u r e  o f  
a c c u r a c y .  Most m o d e l s  a re  b e i n g  e v a l u -  
a t e d  i n  terms o f  a n n u a l  c o n s u m p t i o n  
w h i l e  i t  a p p e a r s  t h a t  f o r  ICES t h e  
c o i n c i d e n c e  o r  t h e  r a t i o  o f  d i f f e r e n t  
t y p e s  o f  demands  may b e  a f a r  more s i g -  
n i f i c a n t  p a r a m e t e r .  A s y s t e m a t i c  
a p p r o a c h  t o  s o l v i n g  t h e s e  a n d  o t h e r  
r e l a t e d  i s s u e s  i s  p r e s e n t l y  u n d e r  
d e v e l o p m e n t .  

A s  a n  i n i t i a l  p h a s e  o f  m o d e l i n g  of 
t r a n s m i s s i o n / d i s t r i b u t i o n  s y s t e m s ,  a  
s u r v e y  a n d  e v a l u a t i o n  i s  b e i n g  c o n -  
d u c t e d  o f  e x i s t i n g  c o m p u t e r  p r o g r a m s  i n  
t h e .  a r e a  o f  t h e r m a l  d i s t r i b u t i o n  s y s -  
tems. T h e  s p e c t r u m  o f  i n t e r e s t  r a n g e s  
f r o m  c o m p u t e r  p r o g r a m s  i n t e n d e d  f o r  
p r e l i a i n a r y  e c o n o m i c  a n a l y s e s  t o  t h o s e  
t h a t  a d d r e s s  e n g i n e e r i n g  d e s i g n  
a s p e c t s ,  s u c h  a s  s y s t e m  l a y o u t  a n d  s i z -  
i n g ,  t h r o u g h  d e t a i l e d  s y s t e m  s i m u l a -  
t i o n .  

CONCLUSION 

H i s t o r i c a l l y ,  new t e c h n o l o g i e s  r e q u i r e  
f r o m  20 t o  30 y e a r s  b e t w e e n  p r o o f  o f  
c o n c e p t  a n d  b r o a d  a c c e p t a n c e  i n  t h e  
m a r k e t  p l a c e .  I n  v i e w  o f  e n e r g y  
r e s o u r c e  f o r e c a s t s  a n d  t h e  u n d e s i r a b l e  
i m p a c t  o f  i n e f f i c i e n t  r e s o u r c e  
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c o n s u m p t i o n  (e.  g. t h e r m a l  p o l l u t i o n )  , 
a n a l y t i c a l  me thods  p r o v i d e  t h e  p r o v i n g  
g r o u n d  a n d  t h e  o p p o r t u n i t y  f o r  t e s t i n g  
p r o p o s e d  v a r i a t i o n s  on  a  much q u i c k e r  
b a s i s  t h a n  a c t u a l  c o n s t r u c t i o n .  Ana- 
l y t i c a l  methods ,  t h e r e f  o r e ,  o f f e r  a n  
o p p o r t u n i t y  f o r  a c c e l e r a t e d  commerc i a l -  
i z a t i o n  o f  e n e r g y  c o n s e r v i n g  
a p p r o a c h e s .  

It is  b e l i e v e d  t h a t ,  when c o m p l e t e d ,  
t h e  s o f t w a r e  series d e s c r i b e d  ab.ove 
w i l l  r e p r e s e n t  a s i g n i f i c a n t  s t e p  
t o w a r d s  p r o v i d i n g  e f f i c i e n t  a n d  c o s t  
e f f e c t i v e  t o o l s  f o r  ICES d e s i g n .  The  
two OASIS p rog rams  a r e  u n d e r g o i n g  tes t -  
i n g  a t  p r e s e n t ;  it is  e s t i m a t e d  t h a t  
t h e y  w i l l  become. p u b l i c a l l y  a v a i l a b l e  
t o w a r d s  t h e  end  o f  1979.  

REPEREICES 

1. V.  A.Rab1, Z.O.Cumali, P.K.Davis, a n d  
A.Ulkucu, nOASIS - A Compater  Pro-  
gram f o r  S i m u l a t i o n  a n d  O p t i m i z a t i o n  
o f  C e n t r a l  P l a n t  P e r f o r m a n c e w ,  P r o -  
c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  Con- 
f e r e n c e  on  Ene rgy  Use Management, 
Tucson ,  A r i z o n a ,  O c t o b e r  1977. 

2. P.Banda, P.Dormont, D. E.Cullen,  a n d  
M.Gordon, "Op t ima l  D e s i g n  a n d  Opera-  
t i o n  o f  I n t e g r a t e d  Ene rgy  Systemsm, 
p r e s e n t e d  a t  t h e  1 3 t h  I n t e r s o c i e t y  
E n e r g y  C o n v e r s i o n  E n g i n e e r i n g  Con- 
f e r e n c e ,  S a n  Diego,  C a l i f o r n i a ,  
Augus t  1978.  

ACKNOWLEDGEMENT 

The work d e s c r i b e d  i n  t h i s  p a p e r  is 
s p o n s o r e d  by t h e  Community S y s t e m s  
Branch,  D i v i s i o n  o f  B u i l d i n g s  and  Con- 4. 
mun i ty  S y s t e m s ,  O f f i c e  o f  C o n s e r v a t i o n  
and  S o l a r  A p p l i c a t i o n s ,  Depa r tmen t  o f  
Energy. 

N B i b l i o g r a p h y  on  A v a i l a b l e  Computer  
P r o g r a m s  i n  t h e  G e n e r a l  Area o f  
H e a t i n g ,  R e f r i g e r a t i o n ,  Air Condi-  
t i o n i n g  and  V e n t i l a t i n g n ,  American 
S o c i e t y  o f  H e a t i n g ,  R e f r i g e r a t i n g ,  
a n d  A i r - c o n d i t i o n i n g  E n g i n e e r s ,  
Inc . ,  O c t o b e r  1975.  . 

W . L . ~ a r r o ' l l  a n d  J. B. S c h a e f g e n ,  "A 
Review of  C o n p u t e r  S o f t w a r e  A p p l i c a -  
b l e  t o  t h e  MIUS Prog ramn ,  IBS r e p o r t  
NBSIB 77-1307, O c t o b e r  1977.  




